phase delay at fixed scattering cell conditions was measured with 2.2-, 3.9-, and 7.S-MHz modulation frequencies. The single-sideband spectrum was not analyzed for rf harmonics at the 2.2-and 7.S-MHz frequencies, and for this or other unknown reason the lifetime obtained at 7.S MHz was about 4% shorter. Choosing a compromise value, and allowing a S% total uncertainty, our results are T(CS 2PS/2) = 30.8±1.SX 10--9 sec, A modification of the Davydov theory of energy levels in molecular crystals is applied to experimental observations on ground-state vibrations of various isotopic substituted benzene crystals. Three distinct and characteristic crystal-induced phenomena have been observed experimentally: (1) site group splittinginvolving degenerate vibrations of the molecule that map into nondegenerate site modes; (2) orientational effects-concerning isotopic benzenes of symmetry D2h or lower, and their relative positioning in two or more distinct orientations at crystal sites; and (3) intermolecular Fermi resonance-near-resonance interaction between two adjacent-site molecules of different isotopic compositions. The first two phenomena give rise to 10 cm--1 ;$splittings. A general mechanism is proposed to account for this, and the differences and similarities between these two effects are discussed. The importance of observed gas-to-crystal energy shifts is also discussed in the light of these experimental findings. In addition to intersite Fermi resonance, solidenhanced intrasite Fermi resonance is reported and discussed qualitatively. Applying the Davydov theory for the case of no resonance interactions, one can obtain information concerning the shape of the molecule in the site field, the symmetry of the site field, and the general nature of the intermolecular interactions.
I. INTRODUCTION
Over the past 20 years, two complementary theoretical approaches have been taken to solve the problem of Frenkel excitons 1 in molecular crystals. The first one, which can be called the Halford--Hornig approach,2 is almost purely group theoretical in nature. These authors have discussed such concepts as the relation of the site group and the factor group to ~he space group, and how, from these groups, selection rules for crystal transitions can be obtained. The second approach, called the Davydov theorY,3 is a technique for obtaining general crystal energy levels. In this paper a modified form of Davydov theory will be used for localized states in a molecular crystal, and the resulting simple theory will be applied to vibrational spectra of dilute isotopic mixed crystals of benzene. Because of the relationship between neat crystals and isotopic mixed crystals, useful information about neat crystal intermolecular interactions can be obtained by studying the mixed crystals.
II. THEORETICAL
In this discussion of the energy levels of molecular crystals, it will prove most convenient to begin within the general framework of the Davydov theory,S in 4843 which a crystal transition from the ground to the fth excited state is given by4 E'a(k) =E'+.1'+Lla(k) .
(1)
The left-hand side of Eq. (1) is the crystal transition energy; E' is the gas phase excitation energy for the f-O transition; .1' is an energy shift term (site shift) ; and Lla(k) incorporates the exciton terms.4 The superscript a labels a particular irreducible representation of the interchange group.4,6
In this paper mixed-crystal effects will be of primary interest. In Ref. 4 the concept of the ideal mixed crystal was introduced. For vibrational states, except when there is Fermi resonance, the ideal mixed crystal is closely approximated by a < 1 % isotopic mixed crystal.
Mathematically, the Lla(k) terms of Eq. (1) disappear in first order if a localized excited site function is used in place of the one-site exciton wavefunction. Thus, in an isotopic mixed crystal, the energy levels of the guest are given to zero order in site functions and first order in energy by4
E' =E'+.1'.
Within this same framework, site group splitting for a doubly degenerate molecular vibration can be defined as (L4 -.1_), namely the difference in shift terms for the two components of the degenerate vibration. In the benzene neat crystal, it is not possible to separate site group splittings from exciton effects.4 Orientational "splittings" can be similarly thought of as being caused by a dependence of .1 on orientation, relative to the crystallographic axes, of anyone of the low symmetry «D ah ) isotopic modifications of benzene. More will be said about these effects later in the paper.
Applying the above ideas to experiments, the effect of the crystal site on the ground-state vibrations of an isotopic guest molecule in the host crystal is investigated. In return, something can be learned about the site field. Using these site effects, it is possible to discuss semiquantitatively the magnitude of "static" interactions in molecular crystals, and to characterize the symmetry and nature of the site field in the benzene crystal. Specifically, the magnitudes of the site shift, the site splitting, and the orientational effect will be correlated. It will be seen that the effect of host or guest isotopic substitution on these interactions is negligible, showing that the potentials governing these interactions are not sensibly dependent upon isotopic substitution, a result that was suggested earlier by experiments on neat crystals. 6 R. Kopelman, and G. W. Robinson, J. Chern. Phys. 48, 5596 (1968) .
5 See Ref. 4 for the full group-theoretical breakdown of the molecular exciton problem"and also R. Kopelman, J. Chern. Phys. 47,2631 (1967 The simple expression given by Eq. (2) has not taken into account Fermi resonance, the occurrence of which is expected to complicate the energy level formulas. Induced intrasite Fermi resonance is observed for the individual guest molecules in some instances where, because of symmetry, Fermi resonance in the free molecule is not allowed. Intersite Fermi resonance is discussed for host-guest systems in which an infraredactive guest vibration is in resonance with an otherwise unobserved host vibration.
III. CRYSTAL STRUCTURE AND SITE SYMMETRY
Since we shall be interested in the effects of the crystal site on the molecular fundamentals of the benzene isotopes, it is very important to know the site symmetry and the exact shape of the molecule in the crystal site.
The benzene crystal structure, as given by Cox et al.,7 is space group Pbca with four molecules per unit cell at sites of C i symmetry. All sites are crystallographically and physically equivalent. Cox et al. conclude that the benzene molecule is both hexagonal and planar even though the molecules reside in an environment of no greater than C i symmetry. The neutron-diffraction data of Bacon et al.,8 extrapolated to 77°K, corroborate these conclusions. The thermally corrected C-C distance is 1.390±0.OO2 A, and the corrected H-H distance is 1.083±0.004 A. Small deviations among the bond length measurements are assumed to be within the experimental error. The carbon atoms are all out of the "carbon best plane" by ±0.0015 A, the hydrogen atoms are out of the "hydrogen best plane" by ±0.OO93 A, and the maximum deviation of any atom out of the combined eCJ...ually weighted "best plane" of the molecule is ±0.0118 A. As significant as these differences appear to be, because of thermal corrections and other uncertainties, both Cox and Bacon were forced to conclude that they lie within experimental error. Thus from crystallographic data alone the molecular shape reflects the D6h symmetry of the free molecule.
Actually, it would be incorrect to assume that the site has an effective sixfold axis, as the crystal does not have one. Considering the arrangement and orientation of the molecules in the crystallographic lattice, the site is almost of C2h symmetry, with an approximate plane passing through atoms 1 and 4 (Cox's notation). The observed deviations from the assumed planarity are most consistent with this effective site symmetry. The spectra of the benzene crystal can be used to learn more about the physical state of the molecule in the crystal and the nature of the distorting environment.
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in CsHs crystal spectra showing the increased interaction between fundamentals in the solid. Note orientation effects on most peaks, the presence of which further complicates the assignment of these transitions. Possible assignments for some of the observed lines are indicated on the figure. Major impurities are P-CaH.D, (990, 875 cm-I ) and CSD5H (935 em-I).
IV. EXPERIMENTAL
All isotopic substituted benzenes (C S H5D, p-and m-CsH4D2, Sym-CSH3D3, m-CSH2D4, CsHD5, CsDs) were purchased from Merck, Sharp & Dohme of Canada, Ltd. The CSH6 (Research Grade) was obtained from Phillips Petroleum Company. The isotopic guest concentration in either a CSH6 or a C6DS host varied from 0.5% to 1.0%, and these mixed crystals were either 0.225 mm or 0.500 mm thick. For very intense bands (for example, the Clu and lhu bands of C6HS) a 0.5% guest solution was used in the holder with the 0.22S-mm sample space.
The holder consists of two copper rings with grooves for O.OSO-in.-diam indium wire upon which CsI windows are placed. The indium serves to apply firm, uniform pressure to the soft windows and aids in the thermal contact between the CsI and the copper. When the two halves of the holder are screwed together, the windows are spaced by either a 0.050-or 0.026-in. indium wire gasket, not made into a closed circle. The holder gives, rather reproducibly, the above quoted sample thick- with no essential differences observable in the spectra. Most of the data reported here were taken at 77°K for convenience. All spectra were recorded on a Beckman IR-12. The typical resolution in the region of greatest interest (350-1500 em-I) was about 0.75 cm-l and in some cases was as good as 0.50 cm-l . The linewidths of the best samples are believed to be instrument limited, but are generally dependent on the quality of the crystal and on the concentration of the guest. Thick, well-prepared, low-concentration (-'-'0.1% guest) mix~d crystals gave rise to lines whose measured half-width was <0.5 cm-I • The data obtained are reported in Tables I-VI, (2ala, 1112a, 2b 2a , 4e2a, lela, 1112", 2blu, 2b2u, 2~u, 3elu ) only ala, el a , e2a (Raman), and el u , l12u (infrared) fundamentals have been observed directly in the gas phase because of the Ds" group theoretical selection rules. All other gas phase frequencies are known from combinations and overtones. These selection rules apply exactly only to the isotopic species CJIa and CaDs, which possess the full DSh symmetry. In the isotopes of lower symmetry, sym-CJIaDa, p-CaH4D2, CaH6D, the gas phase activity of vibrations is given as a first approximation not by the group character table selection rules but by correlation to active modes in C 6 Rs or CaDa. Only modes that correlate to or mix with ala, ela, ~a, elu , or l12u have an appreciable intensity in the gas phase Raman or infrared spectra. Thus, for the gaseous molecule, the substitution of a deuterium atom for a hydrogen atom in benzene is not a large perturbation upon the selection rules. See Table VII . ilaThe crystal environment changes the selection rules more dramatically, even though the energy perturbations are not large. The molecular symmetry of benzene in the crystal is reduced at least in theory to C;, and thus all vibrations having u symmetry at least in principle are active in the infrared and all vibrations having g symmetry are active in the Raman. Indeed, all u vibrations are observed in the infrared spectrum of the crystal. The gas phase (D s ,,) active vibrations are still the most intense in the Raman and infrared, as would be expected for weak intermolecular interactions. It should be pointed out, however, that from considerations of selection rules alone, the site symmetry cannot be fixed uniquely. See Table VIII. A remark should also be made concerning the symmetry assignments and numbering of the vibrational transitions of the non-Da" isotopes. In most cases there is strong mixing between vibrations of the same sym- . Approximately 2% CsDJI impurity in CsDs. This figure illustrates the difference between the "out-of-plane" and "inplane" orientational effect for the benzene isotopes. "6\b2) and "lOb (b2) are out-of-plane vibrations and show three orientational components, while "lab (bl ) , an "in-plane" vibration, shows only two components with an approximate 2: 1 intensity ratio.
only data reported are those for which the assignments are certain. Data for two of the isotopes, m-C 6 H4D2 and m-C5H2D4 (Fig. 1) , are not given in the tables since complications due to orientational effects, poor gas phase data, mixing of vibrations, and inherent isotopic impurity make many assignments almost impossible.
B. Solid-Enhanced Fermi Resonance
Solid-enhanced Fermi resonance has been discussed by StrizhevskyIo in the case for which an accidental resonance occurs between a fundamental and an overtone or combination level. Such resonances are In an isotopic mixed crystal of benzene, there is a chance of further Fermi resonance. Fundamentals that were orthogonal in D6h symmetry can now mix in the "C;-distorted" molecule of the crystal. The isotopic modifications C6H5D, sym-CJIaDa, m-C6H4D2, and m-C 6 H2D4 best illustrate this effect. However, the latter two molecules have so many accidental degeneracies in the crystal that the spectra are very difficult to interpret and thus cannot be given as clear examples of this phenomenon even though it is extensively present. The 92S-cm-l region of sym-C6H3Da, the 980-cm-1 region of CJI5D, the 3000-cm-1 region of C 6 H 6 , and the 2250-cm-1 region of C 6 D 6 , however, all represent rather clear-cut examples of crystal-induced intrasite mixing. Looking at (Table I) the mixing between /.Ila, /.120, (/.119+/.18), (/.11+/.16+/.114) and others is so extensive that it becomes impossible to assign the absorptions to specific vibrations. In Fig. 1 also we see that due to intrasite Fermi resonance the spectrum of m-C6D4H2 is almost impossible to assign uniquely. While this spectrum may further be complicated by the presence of other isotopes, a possible partial assignment of the absorptions is presented on the figure.
C. Site Shifts
The experimental site shifts ~ can be determined from the tables of data. A few pertinent and representative cases shall be discussed as examples of the various types of typical vibrations: /.111 (/hu) -an intense, gas-phase allowed transition, /.I16(~u)-weak intensity, crystal induced, /.I18(clu)-medium intensity, gas phase allowed, and /.112 (b 1u ) and /.I15(b2u)-weak intensity, crystal induced. Of particular interest are whether or not such shifts are present, what trends in the shifts can be determined as a function of vibrational state, and what are the host or guest isotope effects on these shifts. Fermi resonance in the crystal and the inaccuracy of the gas phase data (caused not only by the presence of rotational structure but also by the less direct methods of measuring symmetry forbidden transitions in the gas phase) gives rise to uncertainties in the site shift measurements (approximately 4 cm-1 ). Only those vibrations for which it is believed these complications are minimized will be discussed explicitly in the text.
An The site shift for this vibration appears to be sensibly isotope independent. The mean shifts for the planar PIS(el u ) vibration appear to be less than 2 cm- .l.12(CsHs) = .l012(C 6 D 6 ) = 1.3 -3.8
The latter three sets of shifts for planar vibrations are somewhat erratic, and the large shifts can all be correlated with the presence of other vibrations close by. Thus a Fermi interaction is quite likely. All the available data have not been covered in the text and the tables should be consulted for a more complete picture. In summary, there are two cases that are generally found, .l"-'l cm-I for planar vibrations and .l"-'lO cm-I for nonplanar vibra tions. Exceptions to this trend for a given state occur but can be explained by solid-enhanced Fermi resonance between nearly degenerate gas phase fundamentals. It is thus concluded that there is no significant isotope (host or guest) effect on the .l term for the ground vibrational states.
D. Site Group Splitting
It is interesting to look at the site group splitting as a function of guest and host for the various isotopes having degenerate vibrations. caused by guest-host Fermi resonance between 1'IS(C6H3D3) and 1' 15, 1'IS(C 6 Ds), may be caused by a crystal zero-point effect; that is, the CsD6 crystal is more compact, allowing the nonbonded C-D and C-C interactions to become stronger. However, see below.
For the out-of-plane e2u vibrations 1' 16 and 1' 17 the site splittings are
C6H6
sym-CsH3D3 CsD6 os;16( C 6 H 6 ) = ... .. . cm-1 . The C6DS factor group structure obscures the symC6HaD3 1' 16 transition. For the 1' 17 vibration the interesting case of the sym-C6HaD3 splitting may be complicated again by the presence of host vibrations. Since the change in site splitting with host for 1' 17 is in the opposite direction from that of 1'IS, a simple explanation in terms of zero-point effects does not seem possible.
One point of importance is indicated by these data. The out-of-plane site splittings appear roughly twice as large as those for the in-plane vibration, and parallels the effect observed for the site shift ~. The data show no obviously large isotope effects from either the host or guest molecules on the site splitting. This was also found to be the case for the site shift.
The fact that there is a measurable site group splitting £i for the degenerate molecular fundamentals of isotopic benzenes shows that the benzene molecule in the crystal has lost its threefold axis. Certainly because of zeropoint motions the ground state can, at least in principle, be considered non trigonal.
E. Orientational Effect
The last section was concerned with the effect of the crystal site environment on molecular degenerate states of benzene. In this section, the effect of the site on nondegenerate molecular states is considered.
It is clear that for the placement of H(D) atoms on a space-fixed hexagonal carbon framework there exists generally a number of distinguishable configurations: 1 for CaR6 and CJ)6; but 2 for sym-CJIgDs; 3 for P-CJIJ)2(P-C6H2D4); 6 for m-C6H~2(C6H2D4), CaHsD (CJID5), o-C6H4D2( CaR2D4), C 6 HsD (C6HD5), and 1, 2, 3C 6 HsDg; and 12 for 1, 2, 4C 6 HgD s . Since the benzene isotopic guest molecules in a host crystal are free to orient randomly with respect to rotations by 27rM /6 (M = 1, 6) about the molecular sixfold axis,14 the number of distinct orientations of a molecule in the crystal site, and thus the number of possible different energies that can be observed in the crystal spectrum of a given gas-phase transition, is governed by the site symmetry. For the lowest possible site symmetrv C l , the number of distinct orientations are just those given above. For a site symmetry higher than C l , some of the orientations of the molecule in the site become equivalent by symmetry, thus reducing the total number of physically distinct orientations. C6H6 and C6D6 will, of course, show no orientational effect for any site symmetry, and no extra lines are expected to show up in the spectrum. The case of sym-C6HgDa is not so obvious, but again no orientational effect can occur for Ci or C2h site symmetry. This can be understood by observing that the two distinct orientations in space, related to one another by a rotation of 27r/6, are energetically equivalent in the site by inversion symmetry. The isotopic molecules of D2h symmetry and lower will show an orientational effect in a C; or C2h site.
Consider 1, 4-C6~2. No two of the three distinct orientations in space are equivalent by simple inversion symmetry, so for a C; site three energetically different possibilities are expected. However, when a plane of symmetry perpendicular to the benzene molecular plane is added, two of the three orientations do become equivalent. Thus three energetically distinct orientations are expected for a D2h isotopic modification of benzene at a C; crystal site, while only two are expected for a C 2h crystal site (plane of site symmetry perpendicular to molecular plane). In the latter case, one of the orientations has a weight twice that of the other. One may continue on with this type of reasoning to show that for Ci site symmetry the number of orientational components associated with a particular molecular point group are 1 for D6h and Dah, 3 for D2h and C 2V , and 6 for C •. For a C2h site (plane perpendicular to molecular plane) one has for the number of orientational components, 1 for D6h and Dah, 2 for D2h and C 2v , and 3 for C. symmetry. Kopelman 16 has given a general group-theoretical treatment of this problem.
It is of interest to note that for the benzene site symmetry (C i , but nearly C2h) the orientational "splittings" observed for nondegenerate vibrations of isotopic molecules with low symmetry have greater multiplicity than the (real) splittings observed for doubly degenerate vibrations of D6h or Dah isotopic modifications. The magnitude of the orientational effect Doe can be thought of, just as for the case of the FIG. 11 . The effect of increased energy separation on the induced V6 (e20) vibration of a CsDs host.
15.R. Kopelman, J. Chern. Phys. 47,2631 (1967 . 3.1 Figure 5 shows the spectra of IIISb of C6HaD and C6He in C 6 D 6 . The intensity change between the two components and the line shape distortion are probably due to the third, unresolved orientationalline.
The out-of-plane 1116 components have a larger orientational effect: isotopic impurities associated with the study of the low symmetry isotopic modifications, the data are far from complete.
An indication of the magnitude of the isotopic dependence of the orientation effect is given by the C6H5D impurity spectra (lin, illS) in m-C6H~2 (Fig. 12) . The sharp lines arise because of good crystal quality and the very low concentration of the C6H5D. These transitions should be compared with those of C6H5D in C6H6 and C 6 De in Figs. 5 and 9. While the absolute energies are not exactly equal to those of the other hosts (see Fig. 12 ), the ooe's are in very good agreement: ooe'18'(m-CeH~2) =2.9, ooe'18b(m-CeH~2) =3.2, and OoePll(m-CeH~2) =2.4 cm-I .
There are three general comments to be made about these data: (1) The orientational "splittings" for a given vibrational type are about t of the site group splittings observed in the more symmetrical molecules. This fact suggests a relationship between the two effects. (2) All planar vibrations are "split" into a doublet only, with an intensity ratio of about 2: 1 (indicating C 2h site symmetry), while nonplanar vibrations tend to "split" into a triplet (indicating Ci site symmetry). From this we conclude that the site contains an approximate symmetry plane which is conserved by in-plane vibrations but destroyed by out-ofplane vibrations. (3) The orientational effect appears somewhat greater in the CeD6 host than in the CeRe host (and also for a C 6 HoD guest compared with a CeHD5 guest) for the same vibration. This difference could be due to the zero-point effect mentioned in an earlier section.
Before leaving this topic it should be pointed out that the vn(lhu) C-H out-of-plane vibrations show a measurable orientation effect-at best quite small-for only C 6 HaD and p-C6H~2 while none is observed for CeDaR or m-C~2. This is quite surprising in light of the previous discussion but is unmistakeably true. The only possible explanation is that the lhu mode is a symmetric combination of the out-of-plane C-H perpendicular bending motions and is thus not much affected by site orientation. Calculations bear this out and further comments concerning this will be made in a forthcoming paper. I6
F. Intermolecular Intensity Enhancement
We have thus far focused our attention on the guest molecule alone. We now consider the effects of the presence of isotopic guest molecules on the host. In the case for which both guest and host molecules have inversion symmetry, the guest molecule resides at a site of inversion symmetry, at least in the limit of "infinite dilution." In a crystal of, for example, 1% C6H6 in 99% C6D e , however, approximately 10% of the CeD6 16 E. R. Bernstein (unpublished calculations).
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ELLIOT R. BERNSTEIN host mol~cules (there are 12 "nearest-neighbor" molecules In the benzene crystal) do not have inversion site symmetry. Accurately speaking, none does, but host molecules sufficiently far removed from the guest are expected to have approximate inversion symmetry. One might expect therefore to be able to observe a breakdown of the u~g selection rule in the infrared spectrum. of the host. Obviously any type of guest molecule IS expected to destroy the host site symmetry an~ thus change selection rules, so this effect may be of qUlte common occurrence. A chemically substituted guest should cause an even larger effect than the isotopically substituted ones discussed here.
We present here only a few instances that seem tobe free from interference by isotopic impurities or other trans~t~ons: Intensity enhancement of the P6( e2g) transItIOn In the host (1""-'605 Cm-I for C 6 Rs' 1""-'580 cm-I for CJ)6) having various isotopic impuriti~s present is transItIOn IS not observed in the CaRs host when the guest transition is too far away-CJ)6 (513 cm-I ) , C 6 DJI (527 cm-I ) , m-CJI2D4 (538 cm-I ), or symCJIaD3 (543 cm-I ). However, with either P-CJI~2 (612 cm-I ) or CJIJ) (621 cm-I ) as guest, a doublet whose components lie at 605.5 and 608.2 em-I is observed in the C6HS host. The frequencies of this ~g mode occur at 606.3 and 609.4 Cm-I in the phosphorescence spectrum of a CJI6 isotopic mixed crysta1.
9 It is likely, however, that the induced doublet reported here represents unresolved site-interchange split levels of the host, which appear in the Raman as a quartet (605.2, 606.3, 609.0, and 611.0 cm-I ) .17 Spectra to illustrate this discussion are presented in Figs. 9-11.
A possible further instance of intermolecular Fermi resonance can be found in the observed high intensity of the CJIoD peak (pu) (see Fig. 9 ), which is difficult to explain unless intermolecular resonance is invoked. CaH6D is an impurity in the CJI6-P-C~2 system but certainly is not expected to be so prevalent as th~ spectrum ~uggests. Although in both cases only small energy shIfts (;51.0 cm-
I )
are observed, intensity enhancement seems to be the most important factor in Fermi resonance in solids. lO Another case of this type of intersite Fermi resonance that seems to have played a role in the benzene spectrum is that of the impurity CJ)6H in CJ)6. Hollenberg and DOWS l8 assigned the ihu vibration of CJ . .
' mtenslty enhancement-it is possible to make the following statements concerning the benzene crystal:
(1) C6H6 and C6D6 molecules in the crystal do not have sixfold axes of symmetry, but inversion symmetry is rigorously retained. These facts are illustrated by t~: observed infrared selection rules for crystal transItIOns.
. (3) The near coincidence of two of the three orientational components in D2h or C2• isotopic guests indicates a? approximate plane of symmetry at the site perpendIcular to the molecular plane. Apparently this plane is "preserved" by planar vibrations and destroyed by nonplanar vibrations, since only out-of-plane vibrations exhibit the three orientational components expected for C i site symmetry.
.( 4) ~rom data on site shifts, splittings, and the onentatIOnal effect, the out-of-plane vibrations are found to be more sensitive to the nature of the site potential field than are the in-plane vibrations. The atomic displacements associated with the out-of-plane modes are larger by almost a factor of 5 on the average than those for the in-plane modes. Thus the greater amplitude atomic displacements account for the fact that the large crystal effects are always found associated with the out-of-plane modes (b2g, e]g, ihu, e2u in D6h symmetry).
(~) T~ within the experimental error (±O.5 cm-
no IsotOPIC effects on the interaction potentials can be observed.
(6) Since both the site splitting and orientational effect seem to be independent of mode classification (<?-C, C-H, H-H) , we can conclude, in agreement WIth the results of calculations/ 6 that C-H as well as H-H intennolecular interactions are of importance for these splittings.
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